ABSTRACT. Salivary or secreted carbonic anhydrase (CA), which constitutes a new class of CA, designated CA-VI, was isolated. Swine CA-VI purified from swine saliva by inhibitor-affinity chromatography and ion exchange chromatography had a specific activity of 5,468 units/mg. The molecular weight was 250,000, as determined by gel filtration under non-denaturing conditions, and the subunit molecular weight was found to be 37,000 by sodium dodecyl sulfate polyacrylamide gel electrophoresis, indicating that swine CA-VI consists of 7 subunits. The treatment of the enzyme with endo-N-acetylglucosaminidase F reduced its subunit molecular weight from 37,000 to 35,000 and 32,000. We raised a rabbit antibody against purified swine CA-VI. Double immunodiffusion showed that anti-swine CA-VI serum reacted with swine CA-VI and swine saliva, but not with hemolysate (containing CA-I and CA-II) or muscle extracts (containing CA-III). The concentration of CA-VI in swine saliva, measured using single radial immunodiffusion, was 0.027 ± 0.017 mg/mg total protein. KEY WORDS: carbonic anhydrase VI, saliva, swine.
Mammalian carbonic anhydrase (CA; EC 4.2.1.1) is a zinc metallo-enzyme that catalyzes the hydration of CO 2 and the dehydration of H 2 CO 3 at extremely high rates. At least seven carbonic anhydrase isozymes, CA-I, CA-II, CA-III, CA-IV, CA-V, CA-VI and CA-VII, have been identified, and their molecular structures are all different. The physiological functions of CA are to participate in the control of the acid-base balance in various tissues and biological fluids [2] . A high-molecular weight carbonic anhydrase was first purified and characterized from the sheep parotid gland [4] . Salivary or secreted CA constituted a new class of CA (designated CA-VI), which is secreted into saliva by the serous acinar cells of the parotid and submandibular glands. CA-VI has been purified from saliva or parotid glands of humans [10] , rats [3] and cattle [1, 5] . It may participate in the regulation of salivary pH and buffer capacity and protect the upper alimentary canal against excess acidity [13] . Kivela et al. reported that salivary CA-VI is not directly involved in the regulation of pH in saliva [8] . Thacher et al. [16] indicated that parotid saliva gustin is CA-VI. Gustin is decreased in the saliva of patients with a loss of taste whose taste buds showed a specific pathological change. The exact physiological significance of CA-VI in the saliva has not been established. The present study was performed in order to elucidate the function of swine CA-VI.
CA-VI was purified by inhibitor-affinity chromatography and ion exchange chromatography from swine saliva. Pilocarpine was administered to a 3-year-old meishm hybrid male pig (1.5 mg/kg) intramusculary to elicit the secretion of swine saliva. The saliva was collected from the mouth using a gag. All of the secreted saliva was collected into about 1 liter of 0.1 M Tris-SO 4 buffer (0.1 M Tris-SO 4 and 0.2 M Na 2 SO 4 , pH 8.7) containing 0.2 M benzamidine.
Over a collection period of 60 min, about 1 liter of swine saliva was collected Extraneous material was removed from the buffered saliva by centrifugation (8,000 × g, 30 min) at 4°C. CA-VI was immediately purified from the supernatant by affinity chromatography. Affinity chromatographic matrix (300 ml; CM Sephadex coupled to p-aminomethyl benzene sulfonamide) [12] was added to the saliva-buffer mixture and gently mixed on a rotary shaker overnight at 4°C. The affinity gel was vacuum filtered through sintered glass and washed with 0.1 M Tris-SO 4 (pH 8.7) containing 1 mM benzamidine and 20% (v/v) glycerol. The gel was then loaded onto a glass column (3 × 40 cm) and further washed at a flow rate of 20 ml/hr with 0.1 M Tris-SO 4 (pH 7.0) containing 1 mM benzamidine and 20% (v/v) glycerol. After washing the column extensively, CA-VI was eluted with 0.1 M Tris-SO 4 (pH 7.0) containing 0.6 M NaN 3 , 10 mM benzamidine and 20% (v/v) glycerol. The fraction containing the protein was collected and dialyzed against 0.01 M Tris-SO 4 (pH 7.5) containing 10 mM benzamidine and then applied onto a column (1 × 15 cm) of DEAE Sepharose (Pharmacia, Uppsala, Sweden) equilibrated using the same buffer at a flow rate of 20 ml/hr. The DEAE Sepharose column was extensively washed, then adsorbed proteins were eluted with a linear 0.05 and 0.1 M gradient of Na 2 SO 4 in the same buffer and the optical densities of all fractions were determined at 280 nm. The eluted peak was collected and stored at -80°C.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed on 12.5% homogeneous polyacrylamide gels (PhastGel separation media; Pharmacia) as described by Laemmli [9] . Purified protein appeared homogeneous when resolved by SDS-PAGE in the presence of reducing agents. The molecular weights of proteins were determined by comparison with a low molecular weight cal-ibration kit (Pharmacia) and the molecular weight of purified protein was 37,000. The molecular weight of native protein was determined using high-performance liquid chromatography (HPLC). Standard proteins and purified protein were passed through a column of TSKgel G3000SW (TOSOH, Tokyo, Japan) in 0.05 M phosphate buffer, pH 7.0, containing 0.3 M NaCl and the elution volume was measured. A high molecular weight gel filtration calibration kit (Pharmacia) was used to determine the native protein's molecular weight. Purified protein in this study had an apparent molecular weight of 250,000 as measured by gel filtration under non-denaturing conditions. These findings indicate that the purified protein is a homoheptamer consisting of subunits that have a molecular weight of 37,000.
The specific activity of the purified protein, measured by the method of Wilbur and Anderson [17] , was 5,468 units/ mg protein.
The following findings indicate that this protein is CA-VI: 1) it bound to a sulfonamide inhibitor affinity column, from which it was eluted with carbonic anhydrase inhibitor NaN 3 ; 2) it showed CO 2 hydratase activity; 3) anti-bovine CA-VI serum (produced in our laboratories [1] ), crossreacted with the purified protein (data not shown).
We raised rabbit antibodies against purified swine CA-VI as follows. Rabbits were injected initially with 1 mg of purified CA-VI emulsified with an equal volume of Freund's complete adjuvant, followed by a weekly booster injection of 1 mg of enzyme every week for five weeks. The rabbits were bled via the auricular vein 10 days after the last injection. The specificity of antiserum was evaluated by double immunodiffusion and Western blotting. Anti-swine CA-VI serum reacted with swine CA-VI and swine saliva, but not with hemolysate (containing CA-I and CA-II [15] ) or muscle extracts (containing CA-III [14] ), in double immunodiffusion (Fig. 1A) . Anti-swine CA-VI antibodies immunochemically cross-reacted with common antigenic determinants in bovine CA-VI, as shown by a spur (Fig.  1B) . The specificity of the antiserum against swine CA-VI was evaluated by Western blotting. SDS-PAGE and Western blotting were performed using the PhastSystem (Pharmacia). Separated swine saliva proteins were blotted onto PVDF membranes (Immobilon PVDF Transfer Membrane; Millipore Corp., Bedford, MA, U.S.A.) as described [11] . A single band for CA-VI appeared (data not shown). Murakami and Sly [10] reported that anti-human CA-VI reacted with human CA-II but not with CA-I or CA-III. They concluded that human CA-VI and CA-II must share at least one antigenic site. Asari et al. reported that anti-bovine CA-VI serum did not react with CA-I or CA-II [1] .
Although CA-I, CA-II and CA-III are not glycoproteins, Murakami and Sly [10] reported that human CA-VI is a glycoprotein. In the present study, swine CA-VI was treated with endo-N-acetylglucosaminidase F (End F), which can cleave N-linked oligosaccharides. Purified swine CA-VI (2 (µg) was incubated for 16 hr with 10 µl or 20 µl of Endo F (Boehringer Mannheim, Germany) in 30 mM sodium citrate-phosphate buffer (pH 5.5) containing 0.084% SDS, 10 mM EDTA, and 1% (V/V) β-mercaptoethanol at 37°C. Endo F reduced the molecular weight of the CA-VI subunit from 37,00 to 35,00 and 32,00 on SDS-PAGE (Fig. 2) . No change was observed in swine CA-VI that was incubated as above but without Endo F (lane 5 in Fig. 2 ). These findings indicate that swine CA-VI is a glycoprotein.
The molecular mass of the cytoplasmic CA isozymes CA-I, CA-II and CA-III is approximately 30 kDa, whereas that of the CA-VI subunit is roughly 40 kDa (46 kDa, rat; 40-42 kDa, human; 42 kDa, cow) as measured by SDS-PAGE [1, 3, 10] . Fernley et al. [5] reported that the molecular mass of sheep CA-VI is 540 kDa, according to gel filtration under non-denaturing conditions, and that its apparent subunit molecular mass is 45 kDa, as measured by SDS-PAGE.
Single radial immunodiffusion (SRID) was performed using 1.2% Agar Noble (Difco, Detroit, Michigan, U.S.A.) containing 1% anti-swine CA-VI serum. Purified swine CA-VI was used as the standard (20 to 80 µg/ml). The immunochemical precipitates were measured after 72 hr. The concentration of CA-VI in swine saliva measured by SRID was 0.027 ± 0.017 mg/mg protein (n=2). Kivela et al. [8] reported no significant correlation between CA-VI concentrations and pH or buffer capacity pH values in saliva. Kivela et al. [7] also found no correlation between salivary CA-VI concentration and salivary Lactobacillus or Streptococcus mutans counts. We measured the in vitro antibactericidal activity of swine CA-VI against gram-positive (Staphylococcus aureus) and gramnegative (Escherichia coli) bacteria by minimum inhibitory concentration (MIC) studies on Sabouraud's dextrose agar plate. Swine CA-VI did not possess bactericidal activity against these bacteria. Kivela et al. [7] described that low salivary CA-VI concentrations are associated with an increased prevalence of caries, particularly in individuals with low standards of oral hygiene. Henkin et al. [6] reported that human CA-VI is associated with taste bud growth and development and suggested that inhibition of CA-VI synthesis is associated with the development of taste bud abnormalities and therefore, a loss of taste function. Measuring CA-VI may be useful for studying the physiology of salivary glands.
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